To search for favourable prognostic factors in carcinosarcoma (CS) on the basis of clinical, morphological and immunocytochemical data, while simultaneously considering the histogenesis of this neoplasm. Thirty two uterine CS patients were analysed based on clinical and morphological data. In addition, each specimen was examined by immunohistochemistry with antibodies characteristic for relevant types of cells and tissues. The presence of both carcinomatous and sarcomatous patterns was observed in all tumours. Among carcinomatous patterns, endometrioid carcinoma was the commonest, while serous, clear cell, and undifferentiated carcinomas were less common. Among sarcomatous patterns, endometrioid sarcomas represented the largest group, while leiomyosarcomas, chondrosarcomas, fibrosarcomas, osteosarcomas, and rhabdosarcomas were rarely observed. Mitotic activity was evidently higher in carcinomas. In seven cases, the expression of both cytokeratin and vimentin was noted in cells of carcinomatous patterns. We found that an early diagnosis (stage I-II) and an initially aggressive surgical cytoreduction were favourable prognostic factors in CS. Furthermore, the presence of cytokeratin-vimentin positive cells in carcinomatous patterns suggests sarcomatous metaplasia of adenocarcinoma. However, the prognostic value of various histological structures of carcinosarcomas could not be identified.
Introduction
Carcinosarcomas (CS), also known historically as malignant mixed mesodermal tumours, are considered to be one of the most aggressive uterine cancers [1] [2] [3] . They are most commonly composed of carcinomatous components and malignant mesenchymal components. Because of their complicated histogenesis, there are numerous uterine carcinosarcoma classification hypotheses, and debate continues as to whether CS is monoclonal or biclonal. However, most authors agree with the 'combination hypothesis', which states that CS originates from high-grade carcinoma with sarcomatous differentiation. The 'conversion hypothesis' states that CS is derived from a single stem cell population which is multipotent or has a potential for metaplastic transformation. www.fhc.viamedica.pl contrary, the 'collision hypothesis' assumes that a neoplastic tumour develops from two separate populations of stem cells [3] [4] [5] .
In the latest edition (2009) of the 'TNM Classification of Malignant Tumours', the same classification was applied for CS as for uterine carcinoma [6] . Based on molecular, epidemiological, genetic and histopathological data, most authors support the monoclonal hypothesis, which states that primary malignant epithelial cells are presumably subjected to mesenchymal metaplasia [3] [4] [5] , thus, the terms 'sarcomatoid carcinoma of the uterus' or 'metaplastic carcinoma' have been proposed for this neoplasm [3] .
The aim of our study was to assess the disease course based on the age of the patient, surgical staging, surgical treatment approach, chemotherapy and radiotherapy. Additionally, we performed histopathological analysis based on haematoxylin and eosin (HE) staining and immunohistochemical staining of histological sections. This assessment included tumour size, stage according to FIGO classification, type of morphological patterns in primary tumours, and metastases. We attempted to separate the predictive factors based on clinicopathologic data and to look into issues surrounding the histogenesis of uterine carcinosarcoma.
Material and methods
Out of 37 women diagnosed with carcinosarcoma and treated at our hospital, five had the primary tumour in their ovaries. The remaining 32 patients had developed the neoplasm in the uterus. Only uterine carcinosarcoma patients were further analysed. The youngest patient diagnosed with carcinosarcoma of the uterus was 33 years old, and the oldest was 82. The average age of patients at diagnosis was 65.7 years. In 24 patients, the disease was diagnosed between 2001 and 2006, whereas in eight patients it was diagnosed between 2008 and 2009. Archival paraffin blocks were sectioned at the Department of Pathomorphology at the Gynaecology and Obstetrics Clinical Hospital in Poznan. Histopathological analysis was based on H&E staining and immunohistochemical staining (Table 1) . Immunostaining was performed using the DAKO LSAB+ System HRP technique. In brief, epitope retrieval was performed by heating at 95-99°C in pH 6.1 modified citrate buffer, Dako Target Retrieval Solution, using a water bath. Next, endogenous peroxidase activity was blocked with 3% H 2 O 2 for five minutes. After washing with TBSi buffer solution, the tissue sections were incubated with the primary antibody for 30 minutes and then washed again. Next, the sections were incubated with a biotinylated secondary antibody, from DakoCytomation LSAB+System-HRP, for 30 minutes and washed. Then, the tissue sections were stained with streptavidin/peroxidase complex, from DakoCytomation LSAB+System-HRP, for 30 minutes and again washed. 3,3'-diaminobenzidine tetrahydrochloride (DAB) solution was applied to tissue sections for ten minutes. Then the tissue sections were again washed, counterstained with haematoxylin, dehydrated and mounted in balsam.
Immunopositive staining observed in at least 10% of cells was defined as a positive result. The presence of an immunopositive reaction in 10% of cells was assessed as 1+; reaction in 50% of cells was assessed as 2+; and reaction in more than 60% of cells was assessed as 3+. Negative controls were prepared by omitting the primary antibody. Positive controls, for the assessment of CD117 expression, were prepared from tissue sections of gastrointestinal stromal tumour (GIST), which stains positively for CD117.
Results

Clinical characteristics of the patients
All 32 patients with a diagnosis of carcinosarcoma of the uterus underwent total hysterectomy with bilateral salpingo-oopherectomy and omentectomy. Only 
Histological structure of uterine carcinosarcomas
Based on H&E and immunohistochemical staining, various neoplastic patterns were observed, which are presented in Table 2 .
Among carcinomatous components, endometrioid carcinomas were most abundant: they were observed in 16 (50%) specimens. Clear cell carcinomas were observed in four (13%) specimens, serous carcinomas were observed in seven (22%) specimens, squamous cell carcinomas were observed in two (6%) specimens, and undifferentiated were observed in three (9%) specimens. We cannot exclude the possibility that squamous patterns originated from squamous metaplasia of endometrioid carcinoma. Most tumour masses (19 of 32) presented mainly a glandular pattern. In the remaining 13, the glandular pattern comprised a smaller portion of the tumour mass. In four of the 13 tumour masses, only single glandular cells were observed. Most of the carcinomas were either poorly (G3) or moderately (G2) differentiated (22) . In seven analysed neoplasms, the expression of vimentin was observed in an endometrioid glandular pattern and these cells were also positive for cytokeratin AE1/AE3 (Figures 1, 2) . Patterns showed progesterone receptor (PR) and oestrogen receptor (OR) expression scored from 0 to 3+. More differentiated cancers demonstrated PR and OR expression of 2+ to 3+, while poorly differentiated showed PR and OR expression of 0 to 1+. Surprisingly, we did not observe an immunopositive reaction for CD117 in any of the analysed tumours.
The largest group among sarcomatous elements (16) was represented by stromal sarcoma. Most of them (60%) demonstrated CD10 positive expression. The remaining sarcomas observed, in order of decreasing number, were leiomyosarcoma (desmin positive), chondrosarcoma, fibrosarcoma, osteosarcoma, rhabdomyosarcoma and malignant mesenchymoma. In clinicomorphological analysis, we did not identify the prognostic value of histological structures of carcinosarcomas. In metastases, a carcinomatous pattern was observed in only two patients (Figure 3) , a carcinomatous pattern admixed with a sarcomatous pattern was observed in three patients, and an almost exclusively sarcomatous pattern was observed in two patients.
Discussion
Carcinosarcomas (CS) are tumours where both mesenchymal and epithelial components are of malignant www.fhc.viamedica.pl nature and are considered one of the most aggressive uterine cancers. Uterine carcinosarcomas are rare. Although, in relation to carcinoma, carcinosarcoma develops in older women, their risk factors are similar. CS incidence increases after pelvic irradiation and exposure to exogenous oestrogens. Since adipose tissue is a source of oestrogen, increased CS incidence may be attributable to obesity [3, 9] . Furthermore, tamoxifen administered for breast cancer treatment is associated with a 2-3-fold increase in the risk of CS incidence [3, 8] .
In carcinosarcomas, among carcinomatous patterns, most commonly listed are endometrioid cancers, while among sarcomatous patterns, commonly observed are stromal sarcomas, and less commonly leiomyosarcomas and chondrosarcomas [3, 4, 11] .
Uterine cancer patterns, when considered separately, have different prognoses. Five-year survival for women diagnosed with type I cancer reaches 90%, whereas in those diagnosed with type II cancer, it is between 50% and 60%, and in those diagnosed with carcinosarcoma it is between 33% and 39% [4, [10] [11] [12] [13] . Five-year survival for leiomyosarcoma is assessed to be between 15% and 25%, but for stage I and II it is assessed to be between 40% and 70% [14] . Bosquet et al. examined 121 patients with carcinosarcoma of the uterus treated with adjuvant chemotherapy following surgical resection. They found that the fiveyear survival for stage I and II was 59%, for stage III it was 22%, and for stage IV it was 9% [4] . Yamade et al. [13] demonstrated five-year survival of 74% in patients with CS limited to the uterus; however, in the group of patients with CS extension beyond the uterus, five-year survival was only 24%. In our CS series, seven of the 32 patients diagnosed with stage III and IV cancer died during the first, second or third year following the initial diagnosis of uterine carcinosarcoma. According to some authors, radiation therapy does not influence the survival rate of patients diagnosed with carcinosarcoma [13] . Most studies available in the literature are based on small groups of patients, so that conclusions drawn from them may not always be reliable. Comparing the results of treatment with carcinosarcoma morphological patterns, we were unable to find morphological structures which could potentially serve as prognostic markers.
Literature data [4, 15] draws attention to the carcinomatous pattern's higher mitotic activity, higher proliferation, and metastatic capabilities compared to the sarcomatous pattern. Our observation was consistent with the studies referenced above [4, 15] , since we also observed higher mitotic activity of the carcinomatous pattern than of the sarcomatous pattern, and glandular metastases to ovaries in two patients.
Carcinosarcoma metastases to other organs most commonly derive from the carcinomatous pattern [3, 4, 15, 18] . It is difficult to explain which factors determine the higher activity of carcinomatous pattern. Several previous genetic studies have emphasised that in both carcinosarcoma pattern types chromosomal aberrations were similar, in that they commonly involved loss of heterozygoticity and mutations in p53, K-ras, C-myc and WT-1 genes [3, 20, 21] . The genetic similarity between the two neoplastic components serves as evidence for the monoclonal origin of carcinosarcoma.
It is worth noting that, in our immunohistochemical studies, cytoplasm of cells in carcinomatous component was positive for vimentin in 22% of analysed tumours. Concurrently, these cells were also positive for cytokeratin (Figures 1, 2) . Based on these results, we speculate that these kinds of cytokeratin-vimentin positive cancer cells may be more easily subjected to metaplasia in spindle-shaped cells forming sarcomatous patterns with simultaneous mutations on different metabolic levels.
Generally, the treatment employed in our centre was consistent with that presented in the literature. First, treatment consisted of total hysterectomy with bilateral salpingo-oophorectomy, omentectomy and peritoneal lavage. The mainstay of treatment is radiation therapy, followed by chemotherapy. Unfortunately, according to the literature, CS are not very sensitive to either chemotherapy or radiation therapy [4, 10, 11] . Numerous studies have recently emerged in which authors have applied Gleevec treatment [16, 17] . Gleevec is a tyrosine kinase inhibitor which inhibits proliferation of neoplastic cells and induces apoptosis [16] . The application of Gleevec is only justifiable in cases of immunopositive reactions of carcinosarcoma to CD117. This cancer drug is well tolerated by patients, but demonstrates minimal activity when used as monotherapy [16] . However, in our series of 32 CS patients, we could not demonstrate in any specimen, in either carcinomatous or sarcomatous pattern, an immunopositive reaction when tested for products of c-kit gene specific for CD117. This contradicts other studies in which immunopositive reactions with CD117 antibodies in CS have been reported [16, 17] .
The problem of lymphadenectomy in cases of CS of the uterus has not yet been conclusively resolved. It is accepted that while carcinomas migrate mainly via the lymphatic system, most sarcomas spread via the vascular system, predominantly to the abdominal cavity and lungs. In our CS series, only one of the 32 patients had pelvic lymphadenectomy. Randomised studies of endometrial cancers have neither demon- www.fhc.viamedica.pl strated longer survival rates nor later metastases in women who underwent lymphadenectomy compared to those who did not [22, 23] . In patients with uterine wall infiltration greater than 1/2 (Ib stage), Park et al. found that 32% of patients had metastases in lymph nodes [19] , while Bitterman et al. found metastases mainly in lymphatic ducts of ovaries, fallopian tubes and omentum [15] . The authors of these studies do not recommend routine lymphadenectomy as part of endometrial cancer treatment. However, the benefits of lymphadenectomy in the treatment of CS are still open to discussion.
In conclusion, cytokeratin-vimentin positive cells in adenocarcinoma suggest either the possibility of sarcomatous metaplasia of adenocarcinoma, or a mesenchymal component arising from stem cell transformation giving rise to different cell lines. In this study, we did not find a prognostic value of histological structures of carcinosarcomas of the uterus.
